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COCLUN¥N AND PLATE COVMPRESSIVE STRENGTHS
OF ATRCRAFT STRUCTURAL MATERIALS

EXTRUDED 1L,S-T ALUMINUM ALLOY

By George J. Helmerl and Donald E. Niles
SUMMARY

Column and nlate compressive strengths of extruded
1;S=T sluminum elloy were determined both within and
beyondi the elastic range from tests of flat-end H-section
columns and from local-instabllity tests of H~, Z-, and
channel-section colurns. These tests are pnart of an
extensive research lnvestlgation to provide data on the
structural strenzth of varlous aircraft materiala. The
resulte are oressnted in the form of curves and charts
that are sultable for use 1n the deslign and analysls of
aircralt structures.

INTRODUCTTON

Column and plate rembers that fall by Instability
are basic elements ia an alrcraft stracture. For the
design of structurally efficlent alrcraft, the strength
of these elements must be known for the various alrcraft
materials. An extenslve research program has therefore
been undertaken at the Langley kemorial Aeronautlical
Laboratory to establish the column and plate compreassive
strengths of a number of the alloys available for use 1n
alrcraft structures. Parts of this investlgatlon have
been completed; the alloys already investigated include
2l;8~T and 17s-T cluminur-alloy sheet and extruded 7T5S8-T,
2,S-T, end E303-T saluminum alloys (references 1 to 5
respectively).
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Because of the increased interest ln the use of
extruded 1l1S-T aluminum alloy, this alloy has been included
in the investigation. The results of tests to determine
the column and plete compresslive strengths of extruded
148-T aluminum alloy are presented herein.

SYMBOLS
L length of column
P " radius of gyration .
c fixity coefficient used in Euler column formula
L effectlive sienderness ratio of colum
PVe '
bF’ tF width and thiclness, respectively, of flange of

H-, Z-, or channel sectlion (see fig. 1)

by, t., width and thicknsss, respectively, of web of
E-, Z-, or channel sectlon (see fig. 1)

r radius of corner fillet (see fig. 1)

nondimensional coefficient used with by and 1ty

in plate-buckling formula (see figs. 2 and 3
talren from reference 6)

L modulus of elasticity in comoression, taken as
10,700 k¥si fer extruded 14S-T aluminum alloy
T nondimensional coefflcient (The value of T s

80 determined that, when the effectlive modulus
of elasticity TE, 18 substituted for E, 1in
the equatlon for elastic buckling of columns,
the computed critical stress azrees wlith the
ernerimentally observed value. The coeffici-~
ent T 1s equal tc unity withln the slastie
range and decreases with increasing stress
beyoni the elsstic range.)

n nondimensional coefficient for compressed plates
' corresoonding to T for columns
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n Polsson's ratio, teken as 0.3 for extruded th-
. glumlnum slloy .. ... .- .- v -me
Oop critical compressive stress

Omax Average comprecsivs stress at maxirum load

Ocy compressive yleld stress

METEOD OF TESTING AFD ANALYSIS

All tests were mede ‘n hydrsaulic testing machines
accurete wlithin three-fourths of 1 percent.

Stress~stralin curvea.- Tae commresslve stress-strain
curves, yhich icfent -7y ithe material for zorrelation with
1ts cclumn and plate 2c->ressive strengthis, were ovotained
for the with~-graln Airschilon for both ends of the 20-foot
extrvsions used to maeke the columns. TFor the flat-snd
colurins used to detsrrine the colusn strength, comnres-
sion stress-strelr sneclmens, 2.5 inches long and of the
identical crozs section &s the columns, were used to
nbtain an sasverage stress-strain curve applicavle to the
entire column z2ross section; no lateral suppnorts were
required for these specimens becsuse buckling did not
ocour vefore the yicld stress was reeached. For the
columns used to determrine the nlete compressive strength,
an aversge stress-strain curve for the entire column
croas section could not bs obtained from similar full-
size cross-sectional specimens because buckling would
have occurred bLefore the stress reached the yield value.
For this reason, single-thickness compress!on speciirens
wers cut frowr the =middle of the web, end from the purts
of the flanges 1rmmsdlately sdjlacent to the corner fillets
at the junction of the flange and web. The single-
thickness specimens were tested in a kontgomery-Tewnlin
type of compression flxture, which provides lateral
supnort to the specimen throuzh closely swaced rollers.
(See reference 7 for the technique in using this type of
fixture.) Tuckerman straln gsges (l-in. gage length)
woere used to measure strains for both tyoes of comprea-
sion spscimens.
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Column strength.- The column strength and the
assoclated effectlve column modulus of elasticlty were
obtained from tests of flat-end H-sectlon columns with
the fixlty coefficlent c¢ =assumed to be egual to L.

The colwumns were tested wlth the ends ground flat and
square and bearing directly agalnst the testing-msaschine
heads. The nominal cross-sectional dimensions for all
the columns were bp = 0.56, by = 1.6k, and

to = tw = 9.125 inch. This size of section was obtained
ny milling off the necessary emount from the flanges of
an extruded F-section and wus chosen so thet thne columnns
would develop & higher local-insteblillty strength tran
the zreatest column strangth expected,

The crooredness of the celumne, the dAlistancs from
8 point st the midpnint of the column Irom a strulgnt
line drawn between corresnonding polnts at the ends of
the column, was measured by means of 2 plane surfasze
ard a moveable dlal-gage setup. Tre retio of longth to
crookedness was grester than 1300 1ir all cases. (The
strength of colwans with this ratio less than 1020 may
be noticeadly reduced by tlhie croolednsss of the columa.)
As sore of the zolumns develop=sd a tendency to twist
after the flunges were machined down, this twlst was
removed bsfcore the crookedness wss determined and tefcre
the column test was mude. Tn order to measure the
cronkedness, tne twlst wss remnved by holding the flenges
at sach end of the column to Usar firmly szsinst uniformly
thiclr steel tloclks restinz on the plane surface. 3efore
the tests were made, the cnlumn wes clrnesd against a
gulde bar at each end untlil s smgll initlal loud was
aonlied, then ths guicde bers vere removed,

Plete comnreocsjve strznzth.~- Trhe method of testing
and Anslyais develowmed for this research »rogran to
deternine ths >late co~pressive atrength /see reference 1)
is briefly sumrarlzed es follows:

T™he nwlete corpressive siren-tr. wis obtained from
comprassion tests »2f ¥F-, Z-, and chrnnel-section columnns
go pronortionsd a3 to fovelon lozel instability, that

is, iastanility ~t tne plate elerents. (See fiz. l.)
Bxtruled i-seztions of three different webd widtns were
tested,; the flenge wildths for eacli were varled by milling
off parts of the flenges. The f'lenges of some of the
H-gsection extrusions were removed in such a way as to .
make Z- or channel sections as desired; the [lanse widths

g
-
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of the Z- and channel-sectlon columns were varled in the
-.8ame. manner .as. the flange widths for the H-section :
columns, The lengths of the columns were selected so

a8 to obtein whenever possible a deslrable three half-
wave buckling pattern 1n accordance wlth the principles
in reference 8. The tests were made with the column
ends ground flat and sqguare and bearing dlrectly against
the testing-machine ‘heads. In these local-instability
tests, measurements were taken of the cross-sectional
distortion, and the critical stress was determined as
the stress at the polnt near the top of the knee of the
stress-distortion curve where a mar¥ed lncresase in
dlistortion first occurred with small increase in stress.

The trethod of analysis presented herein differs
from the wethod presented in reference 1 in that the

Inside face dimension= were used to dsfine bF and bW'

This definltlon of bF and bw for extruded sections
with small fillets was previously used in references 3
to 5 in order that the theoretical and exmerimental
buckling stresses would agree within the elestic range.
Tor formed Z- and channel sectione with an inside bend
radius of three times the sheet thickness (references 1
and 2}, bp ond by were defined as center-line. widths
with squere corners assumed,

RESUT.TE AND DISCUSSTOW

Compressive Properties

The compresslve stress-strain curves that apply to
the extruded 1L.S-T eluminum alloy used in this investi-
pation are summarized in ficure 5. The variation in
compre=sive yleld stress shown by the dashed curves
indicates the maxlimwum Aifferences that were found to
exlst between the average values obtained at the ends of
the 4l fferent 20-foot erxtrusions; in some cases, this
variation was so small that nnly a single curve is shown.
Curves A avoly to the material used for the flat-end
column tests, whereas curves B to E avply to thet used
for the local-instability tasts., The columns to which
the stress-strain curves B to E apply are identifled
by the letters glven in tables 1, 2, and 3. The average
value of -ch that appnlies to all the flat-end

H-gsection columns 1s 57.0 ksi and to all the local-
instability tests is 59.8 ksl for the flange material
and 53.3 ksl for the web material.
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The avéragé values of ¢ for the web were lower

cYy .
then those for the flange. In a few cases, however,
individual vslues of Og for the web were 'slizghtly

higher than those obtnined for *he flange. A survey
of O, over a cross sectlorn of the largest extrusion

{sea fig. 6) showed that the values of 0, were lower

in the outer than In the inner psrt of the flanges.
Timited cate on the intermediate-size extrusion indicated
more unifonrm dilstribution of Og over the flange widths

than shown in figure 6. The varietion of compressive
vield strength shown, therefore, should rot be regarded
neces arily as tyrical for extrusions of this slloy.

Colurn .and Plate “orpressive Strengths

Recause the comrezslve nroperties of an extruded
aluminum alloy may vary considerably, the data and
charts of this regort should not Le uzed for desi Ln pur-
woses for ertrusions of 11:3-T aluminum slloy that “have
aphrecisuly different compressive rcroperties from those
reported hereln, unless & sultavle method is dsviged for
sd justing test results to sccount for variaetlions in
material properties. (Average values oft Ogy 8re glven -
tn round wmbers on figs, 7 to 12.) The results of the
column and lo#al-Jhstubilﬂtv teste of extruded 14S-T

gluminum alloy are surmarlzed hearein; & dlscussior of
tasic relationshins *¢ ziven In referenca 1.

ZJolumn s+"en&th ~ The column curve of figurs 7

shows the results o: the flat-snd Y-asction colurn

tests. 7The reduction of the effectlve modulus of glas-
ticity for columns TE, with Increase In strsss 1s icAi-
cated By the varlation of T =ith stress shown in figure &.

Plete-comoyressive strsngth.- The results of the
local~instability teats of the H-, Z-, and chkannel-
section columns used to determines the plate comiresslve
strensth are glven in tebles 1, 2, and 3, resusctively.

The plate-buckling curve, sneslosous to the column
curve of flgure 7, is shown in figure 9. The reductiocn
nf the effective modulus of elasticlty for plates uE,
with increase in stress 1s iIndicated by the variation
of 7m with stressa, which 1s siown with the curve
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for T 1in figure 8, The T- and n-curves diverge
from unlty st about the same value of stress; this
deviation indicates that the H-, Z- and ‘channel-section
columns had about the same dezree of imperfectlon as the
flat-end H-section columns used to determine the column
strength. Thls imperfectlion 1s appearent for both classes
of columns because the 1~ and T-curves dlverge frow
unity at a stress below that for any vislible dlivergence
of the stress-straln curves from stralght lines, See

fig. 5.)

The variation of the actual crltical stress Ocp
with the theoretlical critical stress O0,,./m computed

for elastic buckling by means nf the formula and zurves
of figures 2 and 3 is shown in flgure 10.

In order to 1llustrate the difference between the
critical stress 0,, &and the average stress at maximum
load aﬁax’ the variation of O,., w{th_ obn/aﬁax is
shown in figure 1l. Jecause values of O, .. =nay be
required in strength calculations, the veriation of G,

max
with Ogp/m 1s shewn 1In filgure 12.

Attentlion 1a directed to the fact that a single
plate curve anpears on each of figures 9 to 12 whersas
senarute curves were found for B-sections and for Z- and
channel sections in the corresnonding figures for extruded
758-T, 2Ls-T, and E323-T elumlnur alloys in references 3,
i, and 5, resnectively. The much sreater scatter of the
test data In figures % to 12, as compared with the corre-

"soonding figures glven in references 3 to %, mares 1t

aonear that one of the reasons for the fallure to detect
senarate curves for this extruded 14S-T aluminum alloy
may posslibly be due to a variable dlstribution of the
comoressive yleld stress over the cross section of the
different extrusions, and hence may nnt hsve been the
seme as thet shown in figure 6 for each extrusion. TIf
the acatter hed been less, and only a sinzle plate curve
obtalned for this extruded 14.8-T aluminum alloy, it would
be raasonable to conclude that the tyre of distribution
of the compressive yleld stress nver the cross section
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was different from that found for the other extruded
aluminum alloys (references 3 to 5).

Lanzley ¥emorial Aeronautical Laboratory
Nationel Adviscry Commlttee ior Aeronautlcs
Langley Fleld, Va.
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TABLE 1.- DIMENSTIONS AND TEST RESULTS FOR EXTRUDED H-SECTION
COLUMNS THEAT DEVELOP LOCAL IKNSTABILITY

| O,
Applicable astress~| ¢ t b b L t b b '? _er -
w (b [ Pw | Pp LS x| | by f1200-4%) Oor | &
Column st(:ﬁzz} gt)n've (in, )| (in,) | (in.)| (tn.)| (in.) by | tw bw (fig. 2) ty Ky “(‘2%) (k:ll‘) (klzi)
a .
la 0.125|0.129|1.61 |0.81 | 6.4k L.0|0.96}12.91j0.505] 2. 25.8 158. «7165.2
1b f 1.2‘5 .127]1.61 | 81 | 6.52| k.1 .99 12.36 .gog aZ% 22.2 1%5.3 9.-7 65.0
le 12 127{1.60 | .B1 | 6.50|L.1} .99}12.70 2.62 25.9 157.1 63,6 | 65.0
28 124} .1291.62 | .90 7.28 L.7i .96[13.00| .556f 2.26 28.0 135.1 5 2 63.5
2b 12h| J1291.62 | .90 | 7.60 h.z .9611%.02| .556] 2.%6 28.0 13 g 57. 62g
2¢ 12l .129{1.62 | .99 g.so L.6| .96{1%3.0k| .555] 2.37 28.0 15%. 58.5 | 61,
3a 124 .129}1.62 | .98 .12 5.4) .96{15,07| .602 2.0& 30.2 116.1159.2 | 61.1
2b L1251 .13011.62 | .98 | 8.70!5.L) .96]13.02! .603| 2.0 30.1 116.44 58:k | 61.6
e .12 .128]1.62 | .98 | B.92 5.2 .97/13.19} .601| 2.00 %0.6 112,71 58.9 | 62.6
ﬁa JA2h! .129{1.61 [1.06 { 9.09(5.6( .96(12.97{ .660] 1.76 32.3 101.2 5&.9 60.3
Lb J12h) .129)1.62 [1.06 | 9.10|5.6] .96|13.0%].652] 1.78 52.ﬂ 101.}4} 58.5 | 60.0
lye .12h| .130{1.62 [1.06 | 9.06[5.6] .96[15,05] .655 1.7Z %2, 100.5/58.3 | 59.9
5a a2h] J1%0(1.62 [1.1h | 9.38]5.8) .96[13.03| ,702] 1.5 5!;.2 88.3156.0 |59.5
b L12h| J129(1.62 |1.1k | 9.0k 5.8 .96[13.03|.701] 1.57 32. 89.L 6.9 53.1
a .125| .130{1.62 {1.21 | 9.62 2.9 ,96(13.01l . 749 1.39 36.5 79.4|56.1 {58.6
6b .12 130]1.63 |1.21 | 9.68]6.0| .96]|13.06|.7h7] 1.L0 36.5 79.4] 56.3 52.9
bc Ja2f .129(1.63 f1.21 | 9.66 2.9 96[1x5.08(.747! 1.L0 36.5 Z31 56.1 [58.0
Ta 12h) .13011.61 [1.3h |10.14]8.3} .961{12.95}.830{ 1.18 59.2 0152 [8h.7
7b J .125] .130l1.62 1.3 [10.10{6.3| .96}12.96[.831] 1.17 %9. 67.3 52.3 |5h.9
Te y 120 .130(1.62 |1.34 |10.16]6.3] .96[13.03|.825] 1.19 39.5 67.8}52.4 | 55.0
8a B .121} .125]2.2 .90 | 8.92/hL.0f .96118.51].4koL| 3.80 31.h 107.3{57.9 {60.6.
8b .1201 .125)2.2 90 | 8.94|L.0] .96]18.83}.01] 3.77 31.5 105.0 53.6 60.2
8c .120) . 2.2, | .90 | 8.90|L.0 .9z 18.62] .1503 3.;2 31, 10L. 6] 58.2 |60.5
9a .120! .125(2.2L {1.01 |10.08L.5} .96{18.6L|.L52| 3. 3.2 . 90.2|58.0 [59.7
9b .120| .125|2.2L |1.01 |10.08{L.5} .96{18.59].452] 3.2} 2,1 0.7} 58.1 |59.7
%¢ .121) .12h{2.23 |1.01 [10.06[L.5} .98]18.L71453) 3.1l 34l 9.0 56.2 59.g
10a .120f .1252.2L §1.13 |11.23]5.0} .96118.62 .503 2.72 37.0 77.3155.8 | 56,
10b .120] .125(2.2L [1.13 |11.26|5.0] .96118.63]1.50L| 2.7 37.1 T 3 55.6 |57.1
10¢ .120| .125{2.2L {1.1% {11.26{5.0] .96[18.6 .50% 2.76 .1 76.8(55.0 {5T.4
1la .120f .12 2.23 1.35 112.12{5.h1 .97]18.71}.598] 2.0} .3 56.4]50.9 152.2
11b .120] .12L2.2L [1.35 j12.1l{5.k4| .97118.64].602| 2.03 h3.2 56.5151.0, |52.4
lie L1201 .J12ljz2.2l 1.33 12.17 5.Le; .97118.62].603] 2.01 L3k 6.1151.0 |52.7
12a .121} .125 2.3 1.58 J12.9415.8] .96]18.51].707] 1.54 hg.i 2.5 1.3 5.7
12b .120{ .125|2. 1.58 112.96{5.81 .97]18. .7g2 1.5 L9. Lh3.2] L2, hs.z
12¢ .121] .125{2.23 1.38 12.918; 5.81 .97]18.4k]. 1.54 49.1 43.8141.9 | 5.
1%a .121 .125{2.23 |1.83 [1L.0 6.& .96(18.501.823| 1.20 55.8 33,9/32.6 [h2.7
. 1%b v .121) .126{2.23 |1.83 |1l.20i 6.4} .97]18.L48]. 1.20 55.8 3L.0l 33.6 | h2.T
a8 2
Ky PE b
er o W ‘oW 5 » vwhers E = 10,700 kst and = 0.3.

KIS <13 CHC T NATTONAL ADVISORY
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TABLE 1.~ DIMENSIONS AND TEST RESULTS FOR EXTRUDED H~-SECTION

COLUMNS THAY DEVELOP LOCAL INSTABILITY « Concluded

' Tor = o

Column Appﬁggg‘?"‘;‘;zu X (5] (2 (15| (2| B :—: %,'; % (s16" 2 %\}%;“—’ (1(::]%) ) oy
s ¢ 0.118 0.121{2.73 | 1.10 | 22.56| L.6}0.98| 23.15 o.hoi 3.67 29.9 66.2] 53.6 | 56.2 |0.954
1Lb .118] .120{2.73| 1.10 |12.5h] 4.6 .98]23.21] .hol 3.68 ljo.0 66.1] 5h.1|56.3 | .961
e 170 .12012.74 0 1,10 | 12.5k) L.6) .98]22.36] 4ol 3.68 Lo.3 65.2] skl | 56.L | .965
158 J119( .120{2.73 1 1.24 {13.160 4.8} .99{22.95 .LS55| 3.07 L3.3 56.41] 50.11{52.3 | .958
15b .119| .121 é.72 1.2h {13.08/ .8 .98|22.96] .L56 3.08 Lz.2 56.5| 50.7]52.5 | .966
15¢ .119] .121|2.73| 1.2h |13.22 h79 .98l22.9L4| .4ss| 3.07 L3.3 56.l41 51.0]|52.9 | .96k
168 .18 .120{2.74 1 1.37 |13.64) 5.0) .98l23.30| .h98| 2.72 146.7 48.5| Wbl L8.5 | 915
16b .118] .120{2.74} 1.37 |13.59{5.0] .98]23.32] .501 2.71 L6.8 L8.2| 46.4 | LB.T | .953
16c .118} .120{2.7h| 1.37 |13.86]5.1] .98[23.26] .500! 2.71 Lé.7 L8.L] L6.5|L9.5 | .939
17a 2119} .121|2.74 1} 1.66 [1L.70| 5.k} .98i23.07] .60L} 1.98 oh.2 36.0] 3L.5
17b .118) .12112.74 ) 1.65 | 14.76]5.4] .98}23.25| .604 1.98 5L.6 25.h | 34.9 | Lh.1 | .791
18a .119) .121|2.74L ) 1.92 |15.99{5.8] .98{23.05| .700| 1.5% 61.6 27.8] 26.1| k2.5 | .61,
18b J118] .121)2.73 | 1.92 |15.9315.8} .98}23.19f .703| 1.52 62.2 27,3 27.6 | k2.1 | .656
18¢ 21201 .121l2.7h4 1.92 16.42| 6.0l1.00{22.78] .701| 1.49° 61.6 27.8]1 25.91 k1.9 | .618
19a .118] .121i2.7L | 2.2, {17.28]6.3] .97]23.20( .B18] 1.17 70.9 21.0] 20.5{ 39.2 | .52%
19b .118] .122{2.75]| 2.2l {17.26{ 6.3] .96{23.28] .Ba7| 1.18 70.8 21.1] 19.5] 39.2 | .L97
19¢ ) L118) L123f2.7h ) 2.2 {17.2316.3) .96{23.29] .B18] 1.18 70.8 21.0} 20.5} 39.6 | .518

L kyM2E, t o2 NATIONAL ADVISORY
-%3 =2 uhere E, = 10,700 ks1 and u = 0.3. COMMITTER FOR AERONAUTICS
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TABLE 2.~ DIMENSIONS AND TEST RESULTS

FOR EXTRUDED Z-SECTION

COMMITTEE FOR AERONAUTICS

COLUMNS THAT DEVELOP LOCAL INSTABILITY
o 8
eol App%1°:b1° stress-| t b by p | Lt x| Pp ky | PHa 1202-p2) ;r Oor | - Tonax |08
olumn straln curves w broand bvand — | [ om— y
(f1g. 5) (m) | (taa) [(na| (1m0 (n)| B8 TE | By | By |(r1ge 3)| B\ Ky (o) (at ) (cat) Cnax
1 B 0.126{0,128{ 1.61| 0.98 6.49}Lk.0|0.98 12.85/0.610{ 2.1 28. 128.3 60.3 | 62.9 0.959
15 157105 | 1ienl %idol endliio %id3e ias| Crets| 5:1 28. 158.3 61.8 | 65.9 | :927
lec J121) .129( 1.61] .98| 6.50{L.0} .9l 13.35] .607| 2.35 28.8 127.5 5%.2 61.6 | .961
2a .126) .128( 1.61) 1.07| 7.31|L.5] .98 12.85| .662] 1.9 30.6 113, 58.9 | 62.2 | 94T
2b .122| .131| 1.61] 1.06| 7.30|L.5| .9k} 13.17] .659 2.o§ 20.5 113.8 sg.g 60.7 | .951
2¢ .125| .128| 1.62| 1.06 g.zg L.5 1 .98/ 12.91] .653] 1.9 30.5 . 113.& 58.8 | 60.9 | .966
ﬁ .126] .128] 1.61] 1.16] 8.08|5.0| .98} 12.86 .516 1.69 32,7 98.d 57.5 | 60.3 .92&
8 2L .127) 1.62) 1.34| 8.05(5.0 .98} 13.01f .82 1.32 37.4 72.& gh.7 5z.o 960
Lb .1250 J127| 1.62| 1.34L| 8.0L|5.0{ .98} 12.96| .82 1.32 57.3 76.0{ 53.5 | 56.6 | .945
5a J2Lt .127] 1.62] 1.3L4| 9.76]6.0] .98} 13.,02] .8271 1.32 37. 75.31 56.1 | 57.8 | .971
5b N 2Lt .127] 1.62] 1.3L] 9.75|6.0| .98/ 13.00f .829| 1.31 37.5 75.0{ 54.5 {57.1 | .354
ba B .120| .126| 2.22] 1.14]10.107L.61 .95 18.48| .51 2.99. 35.3 Bu.z 54.5 157.0 | .956
éb 120 W12, 2.22] 1.14|10.20{L.5} .97 18.52] .512] 2.9 -35. 82.6{55.3 157.0 | .970
7a .119| .123| 2.23| 1.37|12.20{5.5| .97 18.20 616} 2.1 1.9 60,2 52.1 |53.1 | .981
b L1197 .125] 2.22] 1.377112.18 5.3 .95} 18. % .617] 2.25 hl.1 62. Bﬁ.s 23.8 .98
a .119] .123] 2.23{ 1.60|13.00{5. .97} 18. L7171 1.70 h7.g Lé. 7 Lh.2 147.1 | .938
8b .119| .125] 2.22] 1.63[12.99]5.9| .95/ 18.69| .735( 1. g L7, Lé6.2 h%.z hg.l .9%8
8c 2119 .125) 2.22| 1.63{13.00 5.? .95 18.70) .732] 1.6 h7.z hé.5 k6.l | 48.0 .367
%a .119( .125| 2.22] 1.86|1L.20]6.L | .95 18.Z1 .828] 1.33 53, 36.7136.7 | h2.5 | 864
9b .119| .125] 2.22] 1.86(1h.2116.0 | .95[18.69] .8Lo{ 1.32 53.8 36.5136.5 |42.7 | .855
10 E .120| .120| 2.74§ 1.14h)12.400L.5 D.00}22.85] L1 3,62 39.7 67.1}53.8 [56.3 | .9 4
1og .120| ,123 2.74 1.1 12.%% L.6] .98 22.80 .hl% 3,68 az.z 6&.2 23.8 58.1 | .9L3
11s .120] .12%) 2.74% 1.40Y13.68)5.0 | .98122.83} .511] 2.89 A 53. 3.5 51.0 | 971
11b .120| J122| 2.740 1.3 13.63 5.0 1 .98:22.89| .507] 2.91 hh.ﬁ 53.71L8.2 Zo.l a62
llc .120] .120] 2.7L{ 1.36|13.68]5.0 h.00! 22,861 504! 2.89 L. E3.5 L7.9 .7 96l
12a .120] .121) 2.7h 1.62 Bzi5. 0 1 .99122.881 JBok] 2.19 51,1 0.5139.5 .3 | 892
12b " .120] .121| 2.7Lf 1.6 1&.56 5.4 1.99122.8L| .60 2.16 51.L Lo.0 5g.g kL.1 | .855
12¢ D .120| .120| 2.74] 1.66(|14.80}58. .00} 22,77| .60 2.16 Zl.g Lo0.3}38.8 [Li3. .892
1%a E L1200 J121) 2.7h4) 2.25017.17(6.2 | .99122.78] .822] 1.31 5. ah.a 23.2 39.2 .589
ac k 112E t
—:2 =X cZW P where E, = 10,700 ksi and u = 0.3
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TABLE 3.- CTNMENSIONS AND TEST FESULTS FOR EXTRUDED CHANNEL-SECTION
COLUMNS THAT DEVELOP LOCAL INSTABILITY

€T

o, -
Applicable atress- 1 ty by BE by f2(1-pf)| =X | & o
strain curve ty ty by bp L =< | = — Ky N 1 cr max!
(fig. 5) (1n.)|(1nd) | (1n)| (An.) (n)| Pw | B | Yw | Py |(r1g. 3)|Pw U Ky <?:§) (kal)| (ksi)
’.- -
B 0.121{0.129(2.62 | 0.98] 6.8 [ L.0 |0.9413.3L4|0.606| 2.36. 28. 128.2(57.8 | 61.0
.120| .129{1.61 | .97| 6.L9 |L.O .93 13,39| .601| 2.0 28. 129.5 5@.8 60.8
L1261 .128{1.61 | 1.07| 7.26 | L.5 | .98|12.82| .666] 1.92 20.5 112.9|58.L | 60.2
.126) .128]1.61 | 1.07. g.5o 4.5 | .98]12.88] .662] 1.91 30.7 112.2 52.2 61.5
.126| .128[1.62 | 1.1k} 8.08 | 5.0 | .98{12.87| .708] 1.73 32,1 101.0!56.6 | 60.1
.125] .128{1.62 | 1.1} 8.07 2.0 .98[12.91 .706| 1.73 32.L 100.4{55.7 | é0.2
.126| .128{1.61 |1.3L 9.59 .1 | .98[12.81] . 33 1.29 37,3 76.0 53.1 56.8
.125! .128{1.61 |1.33 9.87 (6.1 | .98/22.87] .82 1.33 36.9 77-7(54.2 [ 57.0
.126| .12811.61 1.3} 9.81 | 6.1 | .98112.86} .827| 1.%0 27.3 76.0|52.6 52.1
W .12h] .12811.61 71.3h] 5.80 6.1 | .97]12.98] .830| 1.21 37.5 75.2152.7 | 56.8
B .121f .12hf2.22 1.1 1012 | 4.6 | .97118.371 .512| =2.91 35.6 83.4155.1 | 56.9
.121] W12ki2.22 1.1 [10.10 | k.5 .gg 18.38{ .513! 2.91 25.6 83,3 53.2 56.6
<121} .12lj2.22 {1.13 10,12 [L.6 | .98}18.36] .509| 2.91 25.6 83.5|5L.2 | 56.7
.121) J12h)2.22 J1.36 12,21 |5.5 | .98]18.32] 613} 2.19 0.9 63.1 El.l g2.7
.121) .12hjz2.22 {1.36 12.21 {5.5 | .98]18.35] .612] 2.19 L1.0 62.3 9.2 51.5
.121§ .12hi2.22 {1.36[12.1 5.3 .97118.371 .612| 2.19 k1:0 62.81L9. ZI.Z
.121| .12h|2.22 11.59 |12.98 | 5. .98118.33 1 .717] 1.69 L6.6 L8.6 ﬁﬁ.9 5.
.121) .12k|2.22 |1.6012.99 |5.8 | .98]16.25| .720) 1.67 Lé.o L8.0|LL.5 1Lh5.7
.121f .12l4i2.22 | 1.60 13.00 5.2 98118.23 20] 1.67 L6.9 L8.1{43.5 {LB.2
) .121} .125{2.22 |1.8L 1L.18 | 6.L 97118.%23| .828] 1.31 52.9 57,g 52.2 Lz.5
.121f .12Lj2.22 1.8} [14.18 ) 6. | .98]18.31] .828) 1.%1 5z.g %7.8(36.5 [ 53.2
2 .122| .12l 2.22 [1.8L k.16 |6.L | .98{18.281 .828] 1.31 52. 37.9136.9 |13.3
D .120| .122}2.7h4 |1.22 12.50 | L.6 | .98{22.76} .Lo8! 3.71 29.1 69.% 51.6 55.g
.120| .123|2.73 |1.11]12.51 [ L.6 | .98{22.71 ]| .10 3.72 38.9 69.8{52.3 155,
121 Wx22f2.7h |1.11|32.50 [ L.6 | .99 22.51 10 3,72 8.9 62.8 22.3 Bg.;
2120 J121f2.7h [1.37 13, Z 2.0 .99 |22, g o1l 2.93 éh.a sl.1|h6.2 1
E .120f .121la.7h 12.2L [17.2 .3 | .9922.7 18] 1.32 5.5 2;.6]23.0 |39.8
¢ <121 .121f2.74 2.2k [17.27 1 6.3 | .59]22.72 | .818] 1.32 65.3 2Lh.7{22.0 ﬁo.h
KyT<E,, to®
T ST, where E, = 10,700 ksl and u = 0.3.
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NACA ARR No. L6C19 Fig. 1
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COMMITTEE FOR AERONAUTICS
Figure 1. - Cross sections of H- , Z-, and channel-

section columns.




Fig. 2 ' NACA ARR No. L6C19
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Figure 2.- Values of ky for H-section
columns. (From reference 6.)
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NACA ARR No. L6C19 Fig. 3
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Figure 3.- Values of ky for Z-and channel-
section columns. (From reference ©)
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Figure 5.- Compressive stress — strain curves for extruded 145-T aluminum alloy for
with- grain direction . (Columns fo which stress- strain curves Bto E apply are identified
in tables 110 3.) | |
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Fig. 6 | - "NACA ARR No. L6C19

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 6.—Variation of the compressive yield stress
over a cross section of an extruded 14S-T
aluminum alloy H -section with web and
ﬂanges 0.125 inch thick . (Values in ksi.)
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Figure 7. - Column

from tests of flat-end H-section columns . Tey s 7 ksi
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Figure 8.- Variation of T and m with stress for extruded 145-T
aluminum allov . -
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NACA ARR No. L6C19

Fig. 9
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Figure 9. - Plate- buckling curve for extruded 145-T
aluminum alloy obtained from tests of H- , Z—- , and
channel - section columns . oy (flange), 60ksi ; azy(web), S8 ksi.



Fig. 10. NACA ARR No. L6C1l9
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Figure 10 . —Varidtion of o with oy /n for plates of extruded 145-T
aluminum alloy obtained from fests of H-, Z—, and channel - section

columns . Ogy (flange),60ksi 5 o, (web),58 ksi .



NACA ARR No. L6C19 Fig. 11
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Figure Il. — Variation of o¢r with Ucr/ﬁmox for plates of

extruded [45-T aluminum alloy obtained from tests of

H-, Z-,and channel-section columns . ccg(ﬂange),60ksi;
Ocy (web) , 58ksi .




Fig. 12 NACA ARR No. L6C19
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Figure 12.- Variation of Gpnayx with Oc/n for plates of exiruded 145-T
aluminum alloy obtfained from tests of H~, Z-, and channel - section
columns . o¢y(flange),60ksi 5 ocy(web), 58ksi .
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